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Elecitrolumlnescent device wHh anthracene derivatives hole transport layer 



(57) An organic multilayer electroluminescent 
device including an anode and cathode, and including 
therebetween a hole transport layer; and an electron 
transport layer disposed in operative relationship with 
the hole transport layer; wherein the hole transport layer 
Includes an organic compound having the formula: 



VACUUM ifVtl 




IONIZATION 
POTENTIAL 



wherein: 



substituents R^, R^and R^are each individually 
hydrogen, or alkyi of from 1 to 24 carbon atoms; 
aryl or sul)stituted aryl of from 5 to 20 carbori 
atoms; or heteroaryl or substituted heteroaryl of 
from 5 to ;>4 carbon atoms; or fluorine, chtorine. 
bromine; or cyano group. 
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[00011 The fx-esent hwention relates to organic eleclroluminescent devices 
. \^ Organic electroluminescent devices are a class of opto-electronic devices where light emission is produced 
5 'nre8ponsetoanelectr.calcurrentthroughthedevice.(Forbrevity.EUthecomnK)nac«^ 

some^mes substjuted.) The term organic light emitting diode or OI^D is also coa^/^to^^l^arZ 
eit cTIheSrr^ currerrt-voltage behavior is non-Knear, meaning that the current through the EL device fs depend" 

10 [0003] Organic EL devices generally have a layered structure with an organic luminescent medium sandwiched 
orTirS'eni^l^S^^^^ 

or a mixh^re *ier.»f in the form of a thin amorphous or crystalline film Representatives of earlier organic EL devices are 
disclosed .n US-A^. 172.862; US-A-3.1 73,050; Dresner. "Double Injection Electroluminescence iS S^ne- RjA 
Rev,ew. Vo^. 30, pp. 322-334. 1969; and US-A-3,710,167, issued. In these prior arts, the ^^?c iSS^medlm 

; ^"^'^^f^"^' Ph^^-^ene. Pyrene. benzcpyrene. chrysene. picene, carbazole. fluorene. 
topheh/l. terphey s. quarterphenyls. tnphenylene oxide, dihalobiphenyl, trans-stilbene. and 1 ,4<liphenylbutadiene were 

20 SmST xh. '"T^'l'""* "'"^'"'^ ^^^"^ ^ ^^^^'"9 « •f'"*ness muS, aboTl 

cTnTotllprS^^ 

ciency of these EL devjces was rather low. 

P, US-A-4.356.429, the art of organic EL device was further advanced by disclosing a 
bhiayer EL device configuration. The organic luminescent medium in this bi-layer configuration comprisS o S,o 
^ern^y thin layers of organic film «1 .0 micrometer in combined thickness) sandwiched bleen mSe^nd cat 
Ses^nl i hSSi V ? the hole-transport layer, is specifically chosen to tmnsport predoS% 

S2Son?orini«rLH«'^^^^ 

rp^il^ J 1 !!^- °' 1""*=^'°" between the hole-transport layer and the electron-transport 

lumTn»J?^rf 5 I ? electron-hole recombination zone where the electron and hole recombine to produce ele<Sro- 
irtX^fl n 'nt^rference from the electrodes. This recombination zone can be exteiSed beyorSttie 
.nterface region to include portions of the hole-transport layer or the electron-transport layer or both The extreme^tWn 

thin bi-laye.^ consfcxictron of the organic luminescent medium allows the EL device to be operatedwith a voltage ^ tow 
as a few volte, in contrast to the earlier EL devices. Thus, the bl-layer organic EL device L aS^ed a 

pfiTandlSn" """"^^ 

[0005] Commonly-assigned US-A-4.356.429 disclosed an EL device formed of an organic luminescent medium 

r,S1rS.'.^'?"^'T~^'"*"^ '^^'"^ ^ ' ^"^^^ such as^erp^halSne 

and an electron transport layer of 1 000 Angstroms tetraphenylbutadiene in poly(styrene). The aiK^e was fomSTa 

M at 20 volts at an average current density in the 30 to 40 mA/cm^ range. The brightness of the device was 5 

^^^^7 Further improvements in the bi-layer organic EL devices were taught by commonly-assigned US-A- 
inn in thZf t ""P^^T""*" ^"""'^ '""^'"""^ ^'^^ substituting the porpl^rinic compounds 
tl^fminnnh!n ? 1^°"* "'"'r'' ^ ^* "^"^ amineWhTs 1,1-b3»-di p 

SnLr,^!^rj^ ^ hole-transport layer and an eleclron transport layer of 4.4--bis(5.7-di-t-pentyl-2- 

oJZ^?S2!S'::!' ^i"^ '"^^ °* «9M ««h « quantum efficiency of ab<J2 1 2 % 

photon per injected charge when biased at about 20 volts. 

ZT.^ ■ IITTT "ferial paiameters include higher hole transport mobility 

Zor^jT^S:Z\S"' 3'^^ J^^^^"'"" ''^tter electrochemical stability. lmprovements7n 

J! =^ r ^S"**"'-®^ with these improved amines include higher luminous efficiency, longer operational and storage 
life, and a greater thermal tolerance For example, the improved arylamine hole transport mieriatehw^ 
'"cT^rJ^'^Sl '""^ ^ Slass tralStion temperat^: aH^gh 

C designed or hig,-, temperature EL devices has been disclosed in commonly-assigned US-A-5,554 450 A novel ™- 
^^.2 "ITT'' ^•'^■'^"■t^'«(3-"^«thylphenylamlno) triphenylamine (m^DATA), whTch forms a^e 
amorphous glass and functions as an excellent hole transport material, was disclosed in US-A-5.374.489. 
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[0008] The use of organic compounds outside the aromatic amines class for the hoie-transport layer in oroanie PL 
rZ^^ZZ°7'^"-r'" hole-transport properties of the aromatic amin^rjJ^Sj^he^rs a sfg' 

nrf,can disadvantage of us.ng aromatic amines as the hole-transport layer in the bi-layer EL deviS Snce amin^ 2 

esultng m he fomjatKK, of thx^escence quenching centers and a reduction in the EL luminotlSST^^ 
luuuyj It rs an object of the present invention to provide oraanic comooundR mitciHo ih^ nt^^^ 

?^0,'°'';rr:^'" '^'^ ^^'^^ reim^ha^r^er^nct °' 

SJSmprill;; S^^Sr" " eiectroluminescent devk.e including an anode and cathode. 

a hole tTijnsport layer; and 

Sh^S"" ^''^ disposed in operative relationship with the hole transport layer; 

the hole transport layer includes an organic compound having tbrnwla I: 




wherein: 

^S^^'i^^L"^!:" T '""f^ ^ «V « *»» 1 to 24 Moms: „ sub. 



fluorine, chlorine, bromine; or cyano group. 
[0011] R^oresentative examples of the hole transport layer material Include; 
a) Anthracene derivatives having formula I: 




wherein: 



slSS'a^'ff;.^ ?S ^ "'"^ "^'"""""^ °^ °' '^^"^ 1 to 24 cartx)n atoms; aryl or 

^^ 4, ^ ^ ^ ^toms; or heteroaryl or substituted heteroaryl of from 5 to 24 caion 

atoms; or fluorine, chlorine, bromine; or cyano group; 



b) Anthracene derivatives having formulas III. IV. V: 
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wherein: 



sutetituer^s R\ r2 r3. r4 r5 r6 are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms- 
Z ^IJJ.'i ^ "'m ^ ^ 20 carbon atoms; or heteroaryl or substituSd heteroaryl of from 5^o 2^0^: 
Don atoms; or fluorine, chlonne, bromine; or cyano group; and 



c) Anthracene <Jerlvatrves having formulas VI. VII VIII, IX, X and XI: 
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VIII; 




XI; 




X;or 




XI 



wherein: 



^"SSIIT; • ^ ^ '"^'^'^"^"y •^y^^°9«"- °^ of from 1 to 24 cartoon atoms; aryl 
or sutetrtutsd aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 (irSn 



6 



10 



IS 



EP 1 009 044 A2 

atorns; or fluorine, chlorine, bromine; or cyano group. 

.h»Ml!Tf^ Mrorarbons or fused aromatic hydrocarbons that are used in the hole transporting layer have the 
feature that they do not need to include alkylamino- or arylamino- moieties- 

[001 3] The organic compounds in accordance with the present invention have an ionization potential larger than 5.0 
i^Sver ^P^"^ ^'th the present invention effectively works with the electron trans- 

FIG. 1 illustrates the cross-section of a bi-layer organic ELdevice; 
FIG. 2 illustrates the aoss-section of an EL device with a modified bi-layer structure- and 
FIG. 3 Illustrates the energy level diagram of an organic EL device with a bi-layer structure as described in FIG. 1 . 

EtrurtuJ?™"''^*^" ^^'"^ f construction of organic EL device of this invention. If is a bi- 

ayer structur,^ comprising an organic hole transport layer 30 and an organic electron transport layer 40 The elertron 

^!?r tI ^ ^'^^ ^ ^ ^"^^'^ ^ <»thode 60 is adjacent to the electrode trans- 

a^Xtl^tN^^^^^^^^^ 

T!*JtL "'f ^ alternative construction ofthe organic EL device of this invention. It isa modified bi-layer 

t^^l . medoim contains an emissive layer between the hole transport layer and the electron tran^rt layer 
^^Lr ZTl '^■"-*^l'^'*^"" electroluminescence originates. Thus, layer 300 is the hole tran^rt aje ' 
layer 400 is the emissive layer, layer 500 is the electron transport layer, and together they form the electrolwrtneS 
medium 600. Layer 200 is the anode and layer 700 is the cathode. The substrate is layer lS) TSfSJVs^iiS 
tjon only and the individual layer thickness is not scaled ac«^^ 

rS? Th^^Ll'!"?.' °' ^ "'9^™'' ^'tf^ « bi-layer structure as described in 

eLv rndTr.«lnT"*" « fio'e-fransport layer with a characteristic low ionization potential 

energy, and an electron transport layer with a relatively higher ionization potential energy The ionization ootential 

and the highest occupied molecular orbital (fHOMO) level of f^^ 

e ence level from which the energy levels of the molecular solid are measured. The HOMO is the highest enerav!iel 

I1owL'".n1'**r "TJ" ""'^ '''' '° ^'"^"^^'y- occupied m^l^SSoSL^^^^^^^^ 

the lowest energy level devoid of an electron and in which a free election is free to move The enerav diftar^v.! 

a measure o «ie minimum energy required to remove an electron from the molecular solid and can be easily obtl J^ 
f^or"^^ Photoemission techniques which have been well described in the literature ^ 
w I' u ^^^^^ structure as illustrated in FIG. 1 is designed to confine the electron-hole recombination at the 

nshing erther ar, e^ctron injection bamer or a hole injection barrier or both at the interface. Referring to the hole iniec^n 

ie2^?it: S ; ^ * > '"'^^^^'"S '^'^^"Sh the hole transport layer towards the 

irrterface v«n be maWetoovercome the potential energy ba 

of the interlace. Likewise, the electron injection barrier is the difference between iSlumo IwS anS aTar^ Eon 
resultof these charge localizations created by a proper choice of the hole transport and electron transport materials 
Lirlt^^r^^'"^"'''''^*"^^^^ 

Sna th^hTi?!!!', 11?'" '■" "^^'"^^ hole mobility 

devtees si^h as orintSlZ'"^^^^^^^^ '^'"'^ « '^O'^ current^lriven 

h!^l 1^^- ^ ELas the voHage required tooperate the device will be low. The arylamines are also known to 
JrtS^^f '"""S^ Thus, for creating a hole injection barrier betwe^ the 

hole fransport layer and the electron transport layer in a bi-layer EL device, arylamines are appropriate HighTSSieS 
f^T"^^ "^^^ P'"^"'^^ "^'"9 « °* arylamines as the holetraiport layer. 
55 10020] A class of arylamines found particularly useful in organic EL devices is represented by formula VII- 
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-hAr-) N 



2/ V V 



VII 

wherein 

n IS an integer of from 1 to 4; and 

R\ R2 r3 and R* are independently selected aryl groups. 

[00211 These arylamines are particularly useful as the hole transport material in EL devices. 



Compound 1 



\. r-\ 



N-Y y-/ Vn 



Compound 2 
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Compound 3 
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Compound 4 



45 



oS.^^'„^^h T °^ /^'^^'^'s- are relatively strong electron donors, meaning that they ^ easL 
T^SrT. environments. Second, when used as a hole transport lay^LJim to 

aneJectrontramsportteyerinanELdevice.^ 

ar^Zi^T? rhT'*::" 1"^ electroluminescence. Third, because of the low ionizaSn SSX 

S r^t;,! hJ^ '^^'^ ^^^'^"^'"^ W layer and the electron tlsp^rtVayer 

rJlf „ ? ^ ? ° ^^ya^ii^es which will also result in a loss of electroluminescence For 3SeX 

sons new hoi e transport materials are useful to further improve the EL device peribrmanoe 

SS^ic * "7 T^'^ "^^^ «^<»^c hydrocartxxis or fused aromatic hydro- 

carbons with a molecular structure containing at least 20 carbon atoms; «~ «u«riwoc nyaro 

[0024] Th.} hole transport layer includes an organic compound having the formula I: 




wherein: 



substituenis r2, r3 and R* are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms- aryl or sub- 

frrre.rn:ri!?;?s^^^^ 



fluorine, chlorine, bromine; or cyano group. 
[0025] Representative examples of the hole transport layer material include: 
a) Anthraccjne derivatives of formula I: 
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r3 




wherein: 

substitu€»nts r\ r2, r3 and are each individually hydrogen, or alkyi of from 1 to 24 cartx)n atoms; aryl or 
substitutad aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms; or fluorine, chlorine, bromine; or cyano group; 



The fblloAring molecular structures constitute specific examples of anthracene derivatives represented by the 
general formula II. These compounds are particularly useful as the hole transport material in EL devices. 




Compound 5 
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Compound 7 
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wherein: 



substituents H\h^, r3 r^. rS and are each individually hydrogen, or alM of from 1 to 24 carbon atoms 
aryl or subsMuted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 car- 
bon atoms: or fluorine, chlorine, bromine: or cyano group; 

The following molecular structures constitute specific examples of anthracene derivatives represented by the 
general formula III, IV. and V. These compounds are particularly useful as the hole transport material in EL devices. 
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Compound 24 




Compound 26 
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Compound 27 



15 




Compound 28 
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Compound 31 
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Compound 33 
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Compound 36 
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Compound 38 
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Compound 41 
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Compound 42 
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Compound 43 
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c) Anthracene derivatives having formulas VI. VII VIII, IX, X and XI: 
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r3 




XI 



wherein: 

substitueiits h\ r2 r3, r4 and are each Individually hydrogen, or alkyi of from 1 to 24 carbon atoms; aryl 
or substituted aryl of from 5 to 20 caibon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms; or fluorine, chlorine, ixomine; or cyano group. 

[0026] TTie fbl'owing molecular structures constitute specific examples of anthracene derivatives represented by 
the general formula VI, VII VIII. IX, X and XI. These compounds are particularly useful as the hole transport material in 
EL devices. 




Compound 45 




Compound 46 



22 



EP1009 044A2 



5 




10 Compound 47 
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Compound 48 




Compound 50 




Compound 51 
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Compound 52 




Compound 54 




Compound 55 
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Compound 57 




Compound 58 
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Compound 59 

[0027] The Ionization potentials of some of these aromatic hydrocarton hole transport materials have been meas- 
ured and their vakies are compared with the arylamine hole transport materials as follows. It is noted that the aromatic 
hydrocarbon hole transport materials generally have a higher ionization potential than the arylamines. 

Arylamines and siromatic hydrocarbons IP (eV) 

[0028] 




Compound 1 
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Compound 2 
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Compound 3 




Compound 20 




Compound 21 




Compound 26 
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Compound 43 



[0029] A higher ionization potential for the hole transport material is more favorable for hole injection from the hole 
transport layer to the electron transport layer In a bi-layer EL device resulting in a lower hole injection barrier and con- 
sequently a highcjr EL luminous efficiency. A preferred range for the Ionization potentials is 5.0 eV or higher. An alter- 
native criteria is that it should be as high as the ionization potential of the electron transport material in the bi-layer EL 
device. 

[0030] In forming the hole transport layer of the organic EL device, the hole transport materials of this invention can 
be deposited by a number of methods. The preferred method Is by vacuum vapor deposition as these aromatic hydro- 
carbons have good thermal stability and can be sublimed Into thin film. Alternately, they can be dissolved in appropriate 
solvents and be t»st into thin film. Other depositfon methods such as printing by the inl^et method, thermal transfer, 
laser abrasion and sputtering are useful. 

[0031 ] The bi-layer EL device is the basic structure providing high luminous efficiencies and Icw-voltage operation. 
Alternative EL device structures have been demonstrated providing improved device performance. These alternative 
device structures Include features In addition to the basic bl-layer structure such as the following structure (a) hole injec- 
tion layer as disclosed in US-A-4,356,429; (b) cathode modification with alkaline or alkaline halldes as disclosed In US- 
A-5.776,622; (c) anode modificatton with plasma-deposited flurocarbons. and (d) doped emitter layer inserted between 
the hole transport and electron transport layer as disclosed in US-A-4.769,292. These EL device structures retain the 
hole transport la/er as one component of the electroluminescent medium. Therefore, the aromatic hydrocarbon or 
fused hydrocartxin hole transport materials disclosed in this Invention are applicable to these EL device structures as 
well. 

[0032] A preferred EL device structure comprises an anode, a hole transport layer, an emissive layer, and an elec- 
tron transport layer. In this preferred EL structure, the emissive layer is capable of transporting electrons as well, thus it 
can be consider(3d as an electron transport layer with the added function of being highly luminescent. The principle 
functfon is to pro/lde efficient emissive centers for electroluminescence. This emissive layer comprises a host material 
doped with one or more fluorescent dyes (FD). The fluorescent dye is usually present in an amount on the order of a 
few molar percent or less of the host material and it is sufficient to cause the EL emission to be predominantly that of 
the fluorescent dye. Using this method, highly efficient EL devices can be constructed. Simultaneously, the color off the 
EL devices can t.e tuned by using fluorescent dyes of different emission wavelengths. By using a mixture of fluorescent 
dyes. EL color characteristics of the combined spectra of the individual fluorescent dyes are produced. This dopant 
scheme has been described in considerable details for EL devices in commonly-assigned US-A-4.769,292. 
[0033] An in-iportant relationship for choosing a fluorescent dye as a dopant capable of modifying the hue of light 
emission when present in a host material is a comparison of their bandgap potential whteh is defined as the energy dif- 
ference between the highest occupied molecular orbital and the lowest unoccupied molecular orbital of the molecule. 
[00341 Preferred host materials for the emissive layer of the organic EL device disclosed In this invention are metal 
chelated oxinoid compounds, including chelates of oxine Itself (also commonly referred to as 8-qulnollnol or 8-hydroxy- 
qulnollne or Alq) Another class of preferred host materials is mix ligand 8-quinolinolato aluminum chelates which have 
been disclosed in US-A-5.141,671. Another class of preferred host materials is dislrylstibene derivatives as disclosed 
in US-A-5,366,811. 

[0035] For efficient energy transfer from the host to the dopant molecule, a necessary condition is that the band gap 
of the dopant is smaller than that of the host material. Perferred fluorescent dyes used as the dopant In the emissive 
layer include coumarins. slilbenes, distrylstilbenes. derivatives of anthracene, tetracene, perylenes, rhodamines, and 
arylamines 

[0036] TTie molecular structures of the preferred fluorescent dyes for the emissive layer in the EL device are listed 
as follows: 
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FD5 




o 



FD6 R = H 
FD7 R = Me 




FD8 X = O, R1 = R2 = Alkyl 
FD9 X = S,r1 =r2 = Alkyl 
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CN 




CN 



FDIO 



R = Ph 



FDll 



R = Me 



FD12 



R = t-Bu 



FD13 



R = Mesityl 



[0037] Preferred materials for use in forming the electron transporting layer of the organic EL device are metal 
chelated oxinoid compounds, including chelates of oxine itself (also commonly referred to as 8-quinollnol or 8-hydroxy- 
quinoline). Ref>resentative compounds are 8-hydroquinoline of the group III metals such as Al, In, Mg; and of the group 
II metals such as Mg, Zn; and of the group I metal such as U. 

[0038] Preferred materials for use In forming the anode of the EL device of this invention are indium tin oxide an 
anode modif ie(i with f luorocarbons. 

[0039] Preferred materials for use in forming the cathode of the EL devices of this invention are Mg, Li, or alloys of 
these material!; as disclosed in US-A-5,429.884; and commonly-assigned US-A-5. 776,622. 



[0040] Th€! invention and its advantages are further illustrated by the specific examples as follows: 
Example 1 - Synthesis of 3,5-(dlphenyl)l)romotognzOTe 

[0041] To a solution of 1 ,3,5-tribromobenzene (60.0 g, 0.1 9 mol) in 300 mL of dry tetrahydrofuran (THF) was added 
0.5 g of bis-(triphenylphosphine)-palladium(ll) chloride under nitrogen. After the solution was purged with dry nitrogen 
for 5 minutes, 1 75 mL of phenylmagnesium chloride (2.0 M in THF) was added through an addition funnel at room tem- 
perature under nitrogen. The reaction mixture was stirred overnight. Then it was quenched by slowly adding 50 mL of 
0.5 N HCI with stirring. The solvents were removed via a rotary evaporator The residue was dissolved in heptane and 
washed with 0 1 M HCI followed by water After removal of solvents, crude residues were purified by chronr^atography 
on silica gel using 3% methanol in dichloromethane as eluents. After drying, 18.0 g of pure 3,5-(diphenyl)bromoben- 
zene was collected, yielding 30.0%. 

Example 2 - Synthesis Pf 9,HKIi-f3,Miphenyl)phepyl gnthrppgne (Compound 14) 

[0042] To a suspension of 6.5 g (0.02 mol) of 9, 1 0-dibromoanthracene and 0.5 g of bis-(triphenylphosphine)-palla- 
dium(ll) chloride in 100 mL of dry THF at refluxing was added a solution of 3,5-(diphenyl)phenylmagnesium bromide, 
which was fresity prepared from 15.5 g (0.05 mol) of 3.5-(diphenyl)bromobenzene in 1 50 mL of dry THF and 1 .5 g mag- 
nesium in 30 nriL of dry THF with 1 ,2-dibrornoethane as an initiator. After additton, the reaction mixture was maintained 
at reflux for three hours. Then it was cooled and 30 mL of water was carefully added. After removal of the solvents by 
vacuum rotary evaporator, the residue was extracted by dichloromethane followed by washing with dilute hydrochloric 
acid and water TTie dichlomethane solution was dried over sodium sulfate and passed it through silica gel column. The 
solvents were renrxjved. The pure 9.10-di-(3'.5'-<liphenyl)phenyl anthracene (Compound 14) (9.5 g) was obtained by 
recrystallization from hexane. Yield 75.0 %. 
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giram ple 3 - Synthesis off 3.S<H-fm-tolv l^brDmobenzene 

[00431 To a solution of 1 .3,5-tribromobenzene(47.3 g, 0. 1 5 mol) in 1 50 mL of dry tetrahydrofuran (THF) was added 
0.5 g of bis-(tripheriylphosphine)-palIadium(ll) chloride under nitrogen. After the solution was degassed with dry nitro- 
gen for 5 minutes, 155 mL of m-tolyl magnesium bromide (0.2 M in THF) was added through an addition funnel at 70 
°C under nitrogen. The reaction mixture was stirred under reflux for another two hours after addition. After cooling the 
reaction mixture was quenched by slowly adding 50 mL of 0.5 N HCI with stirring. TTien the solvents were removed via 
a rotary evaporator. The residue was dissolved in hexane and washed with 0.1 M HCI followed by water. After removing 
the solvent, the cnxie residue was purified by chromatography on silica gel using hexane as the eluent. After drying, 
28.0 g of, 3,5-di-m-tolyl bromobenzene was collected. Yield 55.3%. 

Example 4 - Svntnesis off 9.lQ-di-f3'.5'-nfH QlvnDheiivl anthracene (Compound 20) 

[0044] To a suspension of 6.5 g (0.02 mol) of 9.1 0-dibromoanthracene and 0.5 g of bls-(triphenylphosphine)-palla- 
dium(ll) chloride in 100 mL of dry THF at refluxing was added to a solution of 3,5-di(m-tolyl)phenylmagnesium bromide, 
which was f reshely prepared from 1 5.5 g (0.046 mol) of 3,5-di-(m-tolyObromobenzene inl 50 mL off dry THF and clean, 
dry 1 .5 g magnesium in 30 mL of dry THF with 1 ,2-dibromoethane as an initiator. After the addition, the reaction mixture 
was kept at reflux for another three hours. Then the reaction mixture was cooled and 30 mL of water was carefully 
added. After removal of the solvents by a rotary evaporator, the residue was extracted by dichloromethane followed by 
washing with dilute hydrochloric acid and water. The dichlomethane solution was dried over sodium sulfate and passed 
through a silica gel column. The pure 9,1 0-di-(3\5'-m-tolyO-phenyl anthracene (compound 20) (1 1 .5 g) was obtained by 
recryslallizatlon from 300 mL of hexane. Yield 76.8%. 

Exam ple s - Synthesis off 3, S-f1-naphthvnbromobenzene 

I0045J To a ablution of 1 ,3.5-tribromobenzene (105.0 g, 0.22 mol) in 500 mL of dry tetrahydrofuran (THF) was 
added 1.0 g of bi£.-(triphenylphosphine)-palladium(ll) chloride under nitrogen. After the solution was bubbled with dry 
nitrogen for 5 minutes, 1-naphthylmagnesium bromide, which was prepared from 150.0 g (0.48 mol) of 1-bromonaph- 
thalene in 100.0 mL of dry THF and clean, dry 18.0 g of magnesium in 250 mL of dry THF with 1 .2-dibromoethane as 
an initiator, was added through an addition funnel at 70 under nitrogen. The reaction mixture was stirred under reflux 
for another two hours. After the reaction mixture was cooled, it was quenched by slowly adding 25.0 mL of 5% HCI with 
stirring. Then the solvents were removed via a rotary evaporator. The residue was dissolved in dichloromethane and 
washed with 0.1 M HCI followed by water. After removal of solvents, the crude residue was purified by crystallizing from 
heptane. A 57.0g of pure 3,5<li(1-naphthyl) bromobenzene was collected. Yield 63.5%. 

Exam ple 6 - Svnihesis of 9.10-di-r(3,5-f1-naphthvl)-Dhenyil-anlhr acene fComoound 21) 

[0046] To a suspension of 6.7 g (0.02 mol) of 9.10-dlbromoanthracene and 0.3 g of bis-(triphenylphosphine)-palla- 
dium(ll) chloride in 150 mL of dry THF heated at refluxing was added to a solution of 3,5<li-(1-naphthyl)phenylmagne- 
sium bromide, which was freshly prepared from 18.4 g of (0.045 mol) of 3.5<ii-(1-naphthyl)- bromobenzene in 150 mL 
of dry THF and clean, dry 1 .5 g of magnesium in 30 mL of dry THF with 1 ,2-dibromoethane as an initiator. After the 
addition, the readion mixture was kept at reflux for another three hours. Then the reaction mixture was cooled and 30 
mL of 0.5% HCI was carefully added. After removal of the solvents by vacuum rotary evaporator, the residue was filtered 
and washed by water, 1 :1 watenacetone, and followed by a minimum amount of dichlomethane. After drying, the pure 
9,10-bis-[3',5'-(1-naphthyl)phenyl] anthracene (Compound 21) (12.5 g) was obtained. Yield 74.0%. 

Fvample 7 - Syn^ihesls off 2-naDhthvlene boronic acid 

[0047] A solu-jon off n-BuU (1 .6 M in hexane. 100 mL, 0.16 mol) was added via an addition funnel to 2-bromonaph- 
thalene (30.0 g, 0.14 mol) in 200 mL of dry THF at -78 "^C. The yellow suspension was stin-ed at this temperature for a 
half hour, a solution of B(0Me)3 (26.6 mL. 29.1 g, 0.28 mol) in 150 mL of dry THF was added dropwise, with the tem- 
perature kept below -60 °C. The resulting colorless solution was allowed to warm to room temperature overnight, then 
300 mL of 10 M HCI was added and the mixture stirred for a further one hour under nitrogen. Water and ether were 
added, and the aci^ueous layer was extracted several times with ether. The combined organic extracts were dried over 
MgS04 and evaporated under reduced pressure to yiekl a white solkl (21 .0 g, 95%). which was used in the coupling 
reaction without further purification. 
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Example 8 • Synthesis of 9.iMl-a-naiili thynanthraoene ^Compound 26) 

[0048] Pcl(PPh3)4 (1 .0 g. 0.8 mmol) and 300 mL of 2.0 M aqueous NazCOg were added to a solution of 9.1 0-dibro- 
moanthracene (34.0 g. 0.1 moO and 2-naphthylene boronic acid ( 40.0 g. 0.232 mol) in 600 mL of toluene and 100 mL 
of ethanol. The reaction mixture was purged with nitrogen for 10 mm. AHer refluxing under nitrogen wernight. the 
organic suspension layer was separated while hot and was added 300 mL of 2.0 N HQ and relluxed for one hour with 
vigorous stirring. The aqueous layer was separated again while hot followed by washing with water three times until pH 
is about 7 The precipitates from the organic layer was filtered and washed with small amount of cold acetone followed 
by toluene. After drying. 34.0 g of pure 9.10KrK2-naphthyl)anthracene (compound 26) was obtained. Yield 80.0%. 

Example 9 - Synthesis of 9,l0-di-r2-f6-methoxvnaphthvmanthracen9 fCO mPWirWl 43) 

[0049] To a suspension of 22.0 g (0.09 mol) of 9. 1 0-dibromoanthracene and 0.75 g of bis(triphenylphosphine)pal- 
ladium(IO chtorlde in 200 mL of dry THF at reflux was added a solution of 6-methoxy 2-naphthylmagnesium bromide, 
which was fresh by prepared from 50,0 g (0.21 1 moQ of 6-methoxy 2-bromonaphthylene in 400 mL of dry THF and 5.6 
g of magnesium in 1 00 mL of dry THF with 1 .2-dibromoelhane as an initiator. After addition, the reaction mixture was 
maintained at reflux for three hours. Then it was cooled and 100 mL of THF and 50 mL of 15% hydrochlonc aad was 
carefully added. After removal of the solvents by vacuum rotary evaporator, the residue was filtered and washed with 
water until pH = 7 The crude product was refluxed in 500 mL of dichloromelhane for one hour. After cooling, it was fil- 
tered and wasihed with a small amount of cold acetone to give 34.0 g of pure 9.10-di-I2-(6-methoxynaphthyl)lanthra- 
cene (Compound 43). Yield 77.1 %. 

EL device fal irir.ation and oerformance 
Examples 10 to 16 

[0050] EL devices of this invention were constructed in the following manner. The organic EL medium has an 
anode, a hole transport layer, an emissive and electron transport layer, and a cathode. The substrate was glass. 

a) The anode was a conductive indium-tin-oxide (ITO) coated on a glass substrate. It was about 1000 Angstroms 
thick. Th« ITO glass was cleaned using a commercial glass plate cleaner. Prior to the deposition of the organic lay- 
ers the ITO substrate was subjected to an oxygen plasma clean in a commercial etcher. 

b) A hole transport layer about was deposited onto the ITO substrate by vacuum vapor deposition using a tantalum 
boat source. The layer thickness was about 600 Angstroms. 

c) An ele:rtron-transport and emissive layer was deposited on top of the hole transport layer by vacuum vapor dep- 
osition using a tantalum boat source. The layer thidoiess was about 700 Angstroms. 

d) A cathcxJe layer was deposited on top of the electron transport and emissive layer The layer thickness was about 
2000 Anjjstroms and the atomic conposition of the cathode was about 10 parts magnesium and 1 part silver 

[0051 ] The above deposition sequence was completed in a single sequence without a vacuum break between the 
deposition of individual layers. The completed EL deirice was then sealed with a cover glass plate in a dry gtowe box for 
protection against ambient environment. A desfocant material was also include in the sealed package to improve the 
storage life of the EL device. , 
[0052] The results of the EL devfces from examples 10 to 16 are shown in Table I. Example 10 is a comparative 
example Coinpound 3 used in this example is an arylamine. The light output and luminous efficiency obtained by this 
EL device were substantially lower in corrparison with the EL devtees of Examples 11-16. whtah used aromatic hydro- 
carbons as the hole transport layer. An effkaency gain on the order of 30 to 40% has been realized by using an aromatic 
hydrocaiton as the hole transport layer. 



Table I 





Hole transport 
layer 


Electron trans- 
port and emis- 
sive layer 


Applied Voltage 
(V) 


Brightness 
(cd/m2) 


Efficiency (od/A) 




Example 10 


Compound 3 


Alq 


7.5 


578 


2.9 


Green 


Example 1 1 


Compound 26 


Alq 


6.3 


855 


4.2 


Green 
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Table I (continued) 





hlole transport 
layer 


Electron trans- 
port and emis- 
sive layer 


Applied Voltage 
(V) 


Brightness 
(co/m^j 


Efficiency (od/A) 








AlQ 


8.6 


628 


3.14 


Green 


Example 13 


Compound 20 


Alq 


8.9 


929 


4.65 


Green 


Example 14 


(Compound 21 


Alq 


10.7 


877 


4.22 


Green 


Example 15 


Compound 39 


Alq 


8.6 


820 


4.10 


Green 


Example 16 


(Compound 43 


Alg 


8.5 


879 


4.39 


Green 



gxampies17toS:2 

[00531 EL dev'ices of this invention were constructed in a manner similar to Examples 10-16. The organic EL 
medium has an anode, a hole transport layer, an emissive layer, an electron-transport layer, and a cathode. The sub- 
strate was glass. 

a) The anod€> was a conductive indium-tin-oxide (ITO) coated on a glass substrate, it was about 1000 Angstrom 
thick. The ITC> glass was cleaned using a commercial glass plate cleaner. Prior to the deposition of the organic lay- 
ers the ITO substrate was subjected to an oxygen plasma clean in a commercial etcher. 

b) A hole transport layer about was deposited onto the ITO substrate by vacuum vapor deposition using a tantalum 
boat source. The layer thickness was about 600 Angstroms. 

c) An emissive layer was deposited on top of the hole transport layer by vacuum vapor deposition using a tantalum 
boat source. The layer thickness was about 350 Angstroms. 

d) An electron transport layer was deposited on top of the emissive layer by vacuum vapor deposition using a tan- 
talum boat source. The layer thickness was about 350 Angstroms. 

e) A cathode layer was deposited on top of the electron transport layer. The layer thickness was about 2000 Ang- 
stroms and tfie atomic composition of the cathode was about 10 parts magnesium and 1 part silver. 

[0054] "me above deposition sequence was completed in a single sequence without a vacuum break between the 
deposition of individual layers. The completed EL device was then sealed with a cover glass plate in a dry glove box for 
protection against ambient environment. A desiccant material was also include in the sealed package to improve the 
storage life of the EL device. 

[0055] TTie r(3sults of the EL devices from examples 17 to 22 are shown in Table II. Example 17 is a comparative 
example using an arylamine (Compound 3) as the hole transport layer. The light output and luminous efficiency 
obtained from this EL were substantially lower in comparison with the EL device of Example 1 8. which used an aromatic 
hydrocarbon of Compound 26 as the hole transport layer instead of an arylamine. Othenwise. both EL devices have an 
identical structure. An efficiency gain of 34% has been realized in using the aromatic hydrocarbon as the hole transport 
layer Example 21 is another comparative example using an arylamine (Compound 3) as the hole transport layer. The 
red light output and luminous efficiency obtained from this EL were substantially lower in comparison with the EL device 
of Example 22, which used an aromatic hydrocarbon Compound 26 as the hole transport layer instead of an arylamine. 
Othenwise. both EL devices have an identical structure. An efficiency gain off 80% has been realized in using the aro- 
matic hydrocarbon as the hole transport layer. 



Table II 



Examples 


Hole trans- 
port layer 


Doped emis- 
sive layer 


Electron 

transport 
layer 


Applied Volt- 
age (V) 


Brightness 

(cd/m2) <g> 

20 
mA/cmA2 


Efficiency 
cd/A 


Emitting 
Ught 


Example 17 


Compound 
3 


Alq + 1%FD 
9 


Aki 


6.9 


2219 


11.1 


Green 


Example 18 


Compound 
26 


Alq + 1%FD 
9 


Alq 


6.5 


2994 


14.9 


Green 
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JaUe II (continuecl) 



5 


Examples 


Hole trans- 
port layer 


Doped emis- 
sive layer 


Electron 
transport 
layer 


Applied Volt- 
age (V) 


Brightness 
(cxl/m2) @ 

20 
mA/cmA2 


Efficiency 
cd/A 


Ught 




Example 19 


Compound 
21 


Alq + 1%FD 
9 


Alq 


8.3 


3133 


15.6 


Green 


10 


Example 20 


Compound 
43 


Alq + 1%FD 

9 


Alq 


8.5 


2848 


14.24 


Green 




Example 21 


Compound 
3 


Alq+ 1% FD 
13 


Alq 






2.20 


Red 


15 


Example 22 


Compound 
26 


Alq+ 1% FD 
13 


Alq 


7.7 


791 


3.90 


Red 



PARTS LIST 
20 [0056] 

10 substrate 

20 anodCi 

30 hole tansport layer 

25 40 electron transport layer 

50 organic EL medium 

60 cathode 

100 substrate 

200 anode 

30 300 hole transport layer 

400 emissive layer 

500 electron transport layer 

600 EL medium 

700 cathode 
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Claims 



1 . An orgar ic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
a hole transport layer ; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 

wherein: 

the liole transport layer includes an organic compound having the formula: 



45 



50 



R3 







3 









wherein* 

substituente R\ R^, and R* are each individually hydrogen, or alky! of from 1 to 24 cartwn atoms; aryl or 
55 substituted aryl of from 5 to 20 carbon atoms: or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 

atoms; or fluorine, chlorine, bromine; or cyano group. 

2. An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
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a hole transport layer; arKl 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer Includes an organic compound having the formula: 



r3 




wherein: 

substituents R\ R^, and R^ are each individually hydrogen, or alkyi of from 1 to 24 cartjon atoms; aryl or 
substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 cartDon 
atoms; or fluorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the fbmiula: 




wherein: 

substituents R\ R^, R^ R"*. R^ and R^ are each individually hydrogen, or alkyI of from 1 to 24 carbon atoms; 
aryl or substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 car- 
bon atoms; or fluorine, chlorine, bromine; or cyano group. 

An organic rrultilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 

wherein: 

the hole transport layer includes an organic compound having the formula: 



EP1009 044A2 



r3 




wherein: 

substrtuents R\ R^, and R^, are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms: aryl or 
substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms or fluorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an ele<:tron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formula: 




wherein: 

substHuents R\ R^, and R^ are each individually hydrogen, or alkyI of from 1 to 24 cartx)n atoms; aryl or 
substHuted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms or fluorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an ele:tron transport layer disposed in operative relationship with the hole transport layer; 

wherein: 

the ho e transport layer includes an organic compound having the formula: 
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r3 




wherein: 

substituenls R\ R^, R^, R"* and R^ are each individually hydrogen, or alky! of from 1 to 24 carbon atoms; aryl 
or substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heleroaryl of from 5 to 24 carbon 
atoms; or ' luorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formula: 




wherein: 

substituents R^ . R^, R^ . R"* and R^ are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms; aryl 
or substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms; or fluorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole fansport layer includes an organic compound having the formula: 
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wherein: 

substitjents R^ R^, R^, R^ and R^ are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms: aryl 
or subjjtituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms; or fluorine, chlorine, bromine; or cyano group. 

9. An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; wherein: 
the hole transport layer includes an organic compound having the formula: 




wherein: 

substltuents R"". R^, R^, R"^ and R^ are each individually hydrogen, or alkyI of from 1 to 24 carbon atoms; aryl 
or substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms or fluorine, chlorine, bromine; or cyano group. 

10. An organic multilayer electroluminescent device Including an anode and cathode, and comprising therebetween: 
a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the ho e transport layer includes an organic compound having the formula: 
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R3 




wherein: 

substituems h\ R^, and R^ are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms; aryl or 
substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms; or lluorine. chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formula: 



r3 




wherein: 

substituerts fO, R^, R^ and R"* are each individually hydrogen, or alky! of from 1 to 24 cartx>n atoms; aryl or 
suljstituteij aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms; or fluorine, chlorine, bromine; or cyano group. 
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